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ABSTRACT
G/ittingen minipigs were tested in an object
recognition procedure based on spontaneous
exploration. Eight pigs were exposed to two
similar objects in a sample trial and after a one-
hour delay exposed to two objects, one familiar
and one novel, in a test trial. The pigs explored
the novel object significantly more than the
familiar object in the test trial (p<0.05), thereby
showing recognition of the familiar object.
Furthermore, habituation of exploration of the
familiar object between the sample trial and the
test trial was found (p<0.05). The procedure can
be useful for testing of spontaneous trial-unique
memory in pigs.
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INTRODUCTION
Traditionally trial-unique memory has been
studied in animals using learned behavior. Well-
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known examples are the delayed matching or non-
matching to sample tasks that were initially
developed for monkeys (see for instance Mishkin
& Delacour, 1975). The memory for many kinds of
stimuli can be tested in such paradigms, but
typically spatial positions or visual stimuli,
including objects, have been used. There has,
however, for many years been a lack of animal
tasks that measure spontaneous trial-unique
memory. This has especially been a problem in
animal models of human brain pathology because
human trial-unique memory is usually formed
spontaneously and is not a result of training. An
important example is episodic memory, namely the
memory for life events (Tulving, 1972), a
spontaneous trial-unique memory form impaired in
human brain disorders such as Alzheimer’s disease
(Spaan et al., 2003) and schizophrenia (Harvey &
Sharma, 2002).
To address this need, Ennaceur and Delacour
(1988) developed a test for spontaneous trial-
unique memory in rats. The test measures object
recognition by the use of spontaneous exploration
of objects. In the procedure, rats are initially
exposed to two similar objects in a sample trial
and allowed to explore the objects freely. Then,
after a delay, the rats are exposed to two objects in
a test trial, one of the objects familiar from the
sample trial and one novel object. The authors
found that rats explored the novel object more than
the familiar object. This difference in exploration
was seen as a measure for recognition of the
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familiar object. Ennaceur and Delacour considered
the test to be a test for working memory (trial-
unique memory) as opposed to reference memory
(memory relevant for several trials) in the
terminology of Olton (Olton et al., 1979). Versions
of the object recognition test measuring for
instance configural (Ennaceur & Aggleton, 1994)
and temporal (order) memory (Mitchell &
Laiacona, 1998) were later developed. Lately an
object recognition test based on spontaneous
exploration has also been published for mice
(Dodart et al., 1997).
The learning abilities of pigs have only been
scarcely investigated. Pigs can learn visual and
spatial discriminations (see for instance Klopfer,
1966), however, and a spatial working memory
task in a radial arm maze (Laughlin & Mendl,
2000). The purpose of the present study was to
describe a spontaneous object recognition test for
pigs based upon the principles of Ennaceur and
Delacour’s test. The described test for pigs can
potentially be used for testing brain function in pig
models of human brain pathology, e.g. models of
Alzheimer’s disease or schizophrenia. Although
pig models of these disorders have not yet been
published, pigs are being used increasingly in the
field of neuroscience. Pig models of Parkinson’s
disease (Mikkelsen et al., 1999) and stroke (Sakoh
et al., 2000) have recently been published. The
object recognition procedur can also be useful for
the testing of drug effects.
EXPERIMENTAL
straw, and sphagnum in separate compartments.
The pigs were fed restrictedly according to
recommendations for G6ttingen minipigs (Bollen,
2001) and water was available ad libitum.
Although the stable was lit with electric light from
7 a.m. to 3 p.m., natural light also entered stable
windows. Before the object recognition experiment
began, the pigs had been subjected to other learning
experiments, as well as to behavioral observations.
Object recognition test
Arena and objects. An arena (2.25 X 3.15 m)
positioned inside the animal holding area was used
for the object recognition test. The floor ofthe arena
was covered with shavings. Solid plastic objects
(household objects, approx. 20 X 20 X 12 cm) were
positioned in the two comers of the 2.25 rn wall of
the arena, and opposite the entrance. The objects
were of the same color and were tied to the wall
with steel wire because the pigs would occasionally
shake the objects. All objects were cleaned between
trials to remove olfactory traces. Pigs were tested
from 10 a.m. to 3 p.m. The behavior of the pigs in
the arena was recorded on video. In pilot studies we
found large differences in the exploration times for
different objects (e.g. funnel, atomizer, dustpan).
The objects used in the present experiment were
chosen from a pilot study comprising four pigs. The
pilot study showed a good and relatively equal
exploration of the two different objects used in the
present experiment (watering can, colander), and no
significant exploration bias for any of two arena
positions used.
Subjects
Eight 13-month old G6ttingen minipig boars
(Ellegaard G6ttingen minipigs, Dalmose, Denmark)
were used in the study. The pigs were kept in
groups in pens on bedding consisting of shavings,
Procedure. Individual pigs were initially
habituated for 3 consecutive days to the arena for a
daily session lasting 30 min (the pigs were already
familiar with being isolated in the arena from a
behavioral observation study). On the testing day
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arena for 20 min without objects. The pigs were
then let out of the arena for a short while, and two
similar objects were fixed to the wall at the
selected positions. The pig was then let back into
the arena and left for 10 min of undisturbed
exploration of the objects (sample trial). After the
sample trial, the pig was let back into its home pen
and waited 55 min before it was habituated to the
arena again (without objects) for 5 min. Again the
pig was let out of the arena and two objects, one
familiar object encountered in the sample trial and
one novel object, were tied to the wall at the same
positions as in the sample trial. Subsequently, the
pig was let into the arena again for 10 min of
undisturbed exploration of the objects (test trial).
The novel object was randomized between pigs. In
addition, the position of the novel object in the test
trial was randomized between the pigs for each of
the novel objects. In this way, potential exploration
biases regarding objects or positions were made
irrelevant for the test.
Data analysis
The data were recorded by scoring of
videotapes. A square zone was drawn on the
monitor screen for each of the objects. The zones
corresponded to 40 X 40 cm zones in the arena.
The time the pigs spent with their snout inside the
zones was scored as exploration time using
stopwatches. Also manipulating objects with the
snout or mouth counted as exploration. The
exploration trials lasted for 10 min, beginning
shortly after a pig arrived in the arena. The scoring
of the videotapes was blinded. Testing of data for
normality using Kolmogorov-Smirnov one-sample
test revealed that not all samples could be
considered normally distributed (Pett, 1997).
Exploration times were therefore compared using
the Wilcoxon signed ranks test. The tests were
performed as two-tailed analyses.
RESULTS
The minipigs explored the novel object
significantly more than the familiar object in the
test trial of the experiment (p < 0.05) (Fig. 1).
Habituation of exploration of the familiar object
from the sample trial to the test trial was also
found, as the pigs explored the familiar object
significantly less in the test trial compared with the
sample trial (p < 0.05) (Fig. 2). The exploration
time for the familiar object in the sample trial was
calculated as half of the total exploration time in
the sample trial in accordance with Ennaceur and
Delacour (1988). Contrary to Ennaceur and
Delacour, we did not find a significant reduction in
the total exploration time from the sample trial to
the test trial. As expected from pilot studies, no
significant difference between the time pigs spent
exploring the two kinds of objects in the sample
trial was evident. Neither did any difference in the
exploration time of objects placed in the two
positions seem to be present. The total exploration
times of the individual pigs varied substantially in
the sample trial (25 s, 51 s, min 3 s, min 52 s, 3
min 11 s, 3 min46s, 4min43 sand9min51 s,
respectively) as well as the test trial (27 s, 33 s, 53
s, min, min 30 s, 2 min, 3 min 46 s and 7 rain
20 s, respectively).
DISCUSSION
We set up a spontaneous object recognition
test for pigs and tested the procedure on G6ttingen
minipigs. Similar to Ennaceur and De|acour’s
findings in rats, the pigs explored the new object
significantly more than the familiar object in the
test trial of the procedure, indicating recognition of
the familiar object (Fig. 1). Also in accordance
with findings in rats, a significant habituation of
exploration of the familiar object from the sample
trial to the test trial of the procedure was found258 A. MOUSTGAARD ET AL.
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Fig. 1: The exploration of the familiar object (a’) and
the novel object (b) in the test trial of the object
recognition procedure. Median, 25
th and 75
th
percentile, and range are shown. *significantly
different from the exploration of the familiar
object, p<0.05.
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Fig. 2: The exploration of the familiar object in the
sample trial (e 1/2) and the test trial (a’) of the
object recognition procedure. The exploration
of the familiar object in the sample trial (el/2)
was calculated as half of the total exploration
in the sample trial. Median, 25
th and 75
th
percentile, and range are shown. *significantly
different from the exploration of the familiar
object in the sample trial, p<0.05.
(Fig. 2). Yet, we did not find a significant
habituation of the total exploration between the
sample trial and test trial as was found in rats
(Ennaceur & Delacour, 1988).
The pigs generally showed a good level of
spontaneous exploration of the objects. Large
variation between individual pigs was seen in the
exploration times. A subgroup of pigs showed very
high exploration times; in two instances a pig
explored the objects for more than 7 min. Such
high exploration times are related to the tendency
of some pigs to manipulate the objects with the
mouth and snout. We only used boars, as it is our
impression that at least adult non-castrated boars
are more explorative than sows. We have,
however, not confirmed this suggestion by
comparing boars and sows in an experiment.
The delay between the sample trial and the test
trial was h in the present experiment. Thus, it can
be concluded that the memory for objects lasts for
at least h in pigs after a 10 min sample trial. By
studying the recognition after different delays one
could get an indication ofhow long the memory of
objects can be detected in pigs by the object
recognition method. In rats a significant
recognition of the familiar object has only been
found consistently for delays of hr or less
(Ennaceur & Aggleton, 1994). In mice significant
recognition has been shown after 24 h (Dodart et
al., 1997). In both rodent species the duration of
the recognition effect depends upon the length of
the sample trial; the longer the sample trial the
longer lasts the exploration difference between the
familiar and the novel object, but only up to a
certain level (Ennaceur & Aggleton, 1994; Dodart
et al., 1997). The effect of different lengths of the
sample trial on the object recognition could also be
studied in pigs.
In conclusion, the object recognition paradigm
developed for rats by Ennaceur and Delacour may
also be used for pigs. By this procedure the testing
of spontaneous trial-unique memory in pig modelsOBJECT RECOGNITION IN PIGS 259
of human brain pathology can be performed. The
test is also useful for the testing of drug effects on
trial-unique memory in pigs.
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